Fundamental metabolic differences between hepatocytes and islet beta-cells revealed by glucokinase overexpression.
Adenovirus-mediated overexpression of the glucose phosphorylating enzyme glucokinase causes large changes in glycolytic flux and glucose storage in isolated rat hepatocytes, but not in pancreatic islets. We have used the well-differentiated insulinoma cell line INS-1 to investigate the basis for these apparent cell-type specific differences. We find that 2- or 5-[3H]glucose usage is increased at low (</=5 mM) but not high glucose concentrations in INS-1 cells treated with a recombinant adenovirus containing the glucokinase cDNA (AdCMV-GKI), while glucose usage is increased at both low and high glucose concentrations in similarly treated hepatocytes. Utilization of 2-[3H]glucose in INS-1 cells is suppressed in glucokinase overexpressing INS-1 cells in a rapid, glucose concentration-dependent, and reversible fashion, while such regulation is largely absent in hepatocytes. Levels of hexose phosphates (glucose-6-phosphate, fructose-6-phosphate, and fructose-1,6-bisphosphate) were profoundly and rapidly elevated following the switch to high glucose in either AdCMV-GKI-treated INS-1 cells or hepatocytes relative to controls. In contrast, triose phosphate levels (glyceraldehyde-3-phosphate + dihydroxyacetone phosphate) were much higher in AdCMV-GKI-treated INS-1 cells than in similarly treated hepatocytes, suggesting limited flux throught the glyceraldehyde-3-phosphate dehydrogenase (G3PDH) step in the former cells. Hepatocytes were found to contain approximately 62 times more lactate dehydrogenase (LDH) activity than INS-1 cells, and this was reflected in a 3-fold increase in lactate production in AdCMV-GKI-treated hepatocytes relative to similarly treated INS-1 cells. Since the amounts of G3PDH activity in INS-1 and hepatocyte extracts are similar, we suggest that flux through this step in INS-1 cells is limited by failure to regenerate NAD in the LDH reaction and that a fundamental difference between hepatocytes and islet beta-cells is the limited capacity of the latter to metabolize glycolytic intermediates beyond the G3PDH step.